OBJECTIVES: Ascites markedly affects the quality of life of patients with cirrhosis; however, there is currently no scale to measure the symptoms of ascites. We developed a scale to measure ascites-specific symptoms according to psychometric procedures. METHODS: A team consisting of specialists developed constructs representing the symptoms of ascites and question item pool. The constructs were verified in a qualitative study involving a small number of patients. The item pool was improved through a pilot study, and a prototype of the scale was prepared. To establish the scale and assess its properties, a questionnaire survey was conducted on 175 patients with ascites accompanied with cirrhosis. RESULTS: On the basis of the results of factor analysis and item response theory-based analyses, seven items, covering a wide range of severities and diverse symptoms, were selected to comprise the final scale (Ascites Symptom Inventory-7; ASI-7). The ASI-7 had a unidimensional factorial structure and high reliability (Cronbach's a coefficient of 0.96). The scale score was correlated with the degree of ascites evaluated by physicians, Short Form-36 (SF-36) physical functioning (PF), and SF-36 vitality (VT; Po0.001 each), indicating the criterion validity. The responsiveness after treatment was demonstrated by the mean standardized response of 1.18. Moreover, responses in the scale score were correlated with those in the degree of ascites, body weight, SF-36 PF, and SF-36 VT, respectively (Po0.001 each). CONCLUSIONS: An ascites-specific symptom scale was developed and its reliability, validity, and responsiveness were demonstrated. This simple scale may be used for the evaluation of ascites treatment and monitoring of treatment responses in patients with ascites.
INTRODUCTION
Ascites is one of the primary complications of cirrhosis. 1 During the course of cirrhosis, ascites develops in 30-50% of patients within 5-10 years. 2 As it markedly affects the quality of life (QOL) of patients with cirrhosis, 3, 4 treatments relieving ascites may greatly improve patients' feelings.
Diuretics is used for ascites control and paracentesis is performed to manage refractory ascites, 5, 6 while new therapeutic techniques, such as albumin infusion and vasopressin receptor antagonists, are being developed. [7] [8] [9] [10] In the development of treatments for ascites, objective measurements, such as body weight, abdominal circumference, and ascites volume measured on ultrasonography, have been used to evaluate patients' responses. However, as the primary goal of ascites treatment is to relieve its symptoms, it is worthwhile to add a measurement of ascites-related symptoms for the assessment of ascites treatment.
Feelings regarding the health of patients with cirrhosis have been evaluated using generic QOL scales, such as the Medical Outcomes Study Short Form-36 (SF-36) 11 and sickness impact profile. 12 There are limitations to specifically evaluate the ascites treatment responses using these global scales. The Hepatitis Quality of Life Questionnaire, 13 Chronic Liver Disease Questionnaire (CLDQ), 14 Liver Disease Quality of Life Questionnaire, 15 and Liver Disease Symptom Index 2.0 (LDSI 2.0) 16 have been developed as disease-specific QOL scales focusing on chronic liver disease. These have been used to estimate the disease burden of hepatitis C to assess interferon treatment. Of these disease-specific scales, the CLDQ and LDSI 2.0 involve question items regarding abdominal symptoms; however, the aim of these questions is not to assess the symptoms of ascites. Thus, there is currently no tool that measures the symptoms of ascites despite its marked impact on patients.
We developed an ascites-specific symptom scale through a careful qualitative study and rigorous psychometric procedures, and assessed the reliability and validity, as well as the responsiveness, of this scale.
METHODS
This study consisted of two parts (Figure 1 ). An item pool was prepared through qualitative process in part I. In part II, a quantitative study was conducted to establish a scale and examine its reliability, validity, and responsiveness. The study protocol conformed to the Declaration of Helsinki and was approved by the Ethics Review Board of Ofuna Chuo Hospital on 5 December 2011.
Part I: development of the item pool for the symptom scale. A development team including gastroenterologists, internists, and psychometric experts was organized. Consulting the results of a previous survey involving gastroenterologists and patients, which had been conducted by the members of this team, the team devised constructs (domains) and a sufficient number of items appropriate for measuring ascites-related symptoms.
A qualitative study was then performed to ascertain the appropriateness of the proposed domains. The subjects were three patients with cirrhosis and ascites (two men, one woman, age: 57-69 years) who had consulted a member of the team. Individual patients were interviewed for 60 min in a semistructured manner regarding their history of ascites, symptoms, activities of daily life, and treatment-related changes in their symptoms. Concepts regarding the symptoms of ascites were extracted from the interview records. On the basis of the findings of this analysis, the validity of the domains was confirmed, and the items were revised or new items were added.
Third, a pilot test was conducted to ascertain the appropriateness of the question items. In addition to the three patients who were interviewed, four with cirrhosis and ascites (four men, age: 51-81 years) newly responded to the scale items. Subsequently, they were asked whether the items were appropriate. On the basis of the results of this pilot test, inappropriate items (questions in which responses converged to particular choices or those that were difficult to understand) were removed, and a prototype of the questionnaire consisting of a sufficient number of questions was prepared for the next phase.
Part II: establishment of a scale and assessment of its properties Subjects. A survey involving a number of patients was conducted using the questionnaire developed in part I. Patients with ascites accompanied with cirrhosis in whom the start or switch of treatment for ascites (paracentesis, admission, albumin infusion, or diuretics) was scheduled were eligible. Patients with uncontrollable liver cancer and those with hepatic encephalopathy (grade II or higher) were excluded. A total of 175 patients were registered from 24 institutions between January 2012 and December 2012. Study procedures. After giving informed consent, patients were requested to respond to the questionnaire including the scale items. Simultaneously, the physical functioning (PF) and vitality (VT) of the Japanese-version SF-36 (ref. 17) were acquired. These have been shown to be closely associated with the presence or absence of ascites among eight subscales of the SF-36. 3 A norm-based score was used as a subscale score of the SF-36. This score was standardized, with the mean in the representative sample of a general population as 50 and s.d. as 10. The attending physicians reported the severity of cirrhosis (Child-Pugh score), degree of ascites, contents of the intended ascites treatment, and body weight. The degree of ascites was evaluated using five grades: none, slight, moderate, marked, and tense. To evaluate the responsiveness of the scale, patients were again requested to respond to the same questionnaire after the completion of the intended treatment (regardless of the treatment response). The attending physicians reported the degree of ascites and body weight. Questionnaire. The questionnaire consisted of the scale items developed in part I, as well as the SF-36 PF and VT. Patients responded to the ascites scale items using a fivepoint Likert scale: 0 ¼ not applicable, 1 ¼ neither, 2 ¼ slightly applicable, 3 ¼ applicable to some degree, and 4 ¼ very applicable, according to an instructive sentence, ''Please answer questions with respect to today's symptoms of ascites (bloatedness in the belly) and symptom-related matters''. Item analysis, factor analysis, and item selection. The mean, s.d., and frequency of missing responses were described for each item. Factor analysis with principal factor method was used to examine the factorial structure among the items. The number of latent factors was examined by the attenuation of eigenvalues. Factor loading, which represented the correlation between the estimated factor and each item, was assessed. After confirming the unidimensionality (onedimensional factorial structure) of the scale and high values of factor loading, we decided to select several items to establish a final scale. The item response theory (IRT), which has commonly been used to select questions for an achievement test, 18 was applied to evaluate the performance of each item. The Generalized Partial Credit Model 19 used as an IRT model. This model estimated three parameters: location, slope, and category. The location parameter represented the severity of symptoms to which an item responded (difficulty). The slope parameter represented the ability of an item to discriminate between mild-and severesymptom patients (discriminating ability). The category parameter represented the degree of difficulty inherent to respective options of the Likert scale, and was estimated as values common among all items. On the basis of the findings of IRT analysis as well as the meanings of each item, items were selected by the development team's consensus, considering the following points: (1) items responding to mild-to-severe symptoms were evenly included; (2) the slope parameter of the individual items was high; (3) the meanings of the individual items were relevant and specific; and (4) a combination of items covered diverse symptoms (no inclination toward particular domains). The Test Information Function was calculated to examine the precision of the measurement of the final scale. 18 Reliability and validity. The score of the final scale was calculated by summing up the score of each item (0-4 points), ranging from 0 to 28 points. The following analysis was conducted using the data obtained before the treatment: the distribution of the scale score was described; the reliability (internal consistency) was assessed using Cronbach's a coefficient; criterion validity was assessed by examining the association of the scale score with three external standards: the degree of ascites evaluated by physicians, SF-36 PF, and SF-36 VT.
Responsiveness. To evaluate the responsiveness of the final scale, we investigated the features of changes in the scale score after treatment, as described below. First, to assess the magnitude of the changes, the standardized response mean (SRM) 20 was calculated by dividing the mean of changes in the scale score by the s.d. of the changes. Empirical criteria of large (40.8), moderate (0.5-0.8), or small (0.2-0.5) were used for interpreting SRM values. [20] [21] [22] Second, we investigated the association between changes in the scale score and those in the following external standards: the degree of ascites, body weight, SF-36 PF, and SF-36 VT.
To facilitate the interpretation of changes in the scale score, single linear regression analysis was conducted using changes in the scale score as an independent variable and changes in body weight or the SF-36 PF score as a dependent variable. Third, to evaluate the ability of the scale to reflect changes in the external standards the area under the receiver operating characteristic (ROC) curve 23 was calculated for changes in the scale score with those in the degree of ascites and those in body weight as gold standards, respectively. An area under the ROC curve of 0.5 indicated the absence of a discriminating ability, and that of 1.0 indicated complete discrimination. In addition, similar ROC analysis was performed for changes in the SF-36 PF and VT scores as index variables. Statistical analysis. The distributions of continuous and categorical variables were summarized as the mean (s.d.) and proportion, respectively. Correlation coefficients and/or the analysis of variance with Tukey's multiple comparison were used to analyze the association between the two variables. A P value of 0.05 was regarded as significant.
SPSS version 21.0 (IBM, New York, NY, USA) and PARSCALE 4.0 (Scientific Software International, Skokie, IL, USA) were used for the factor analysis and IRT analysis, respectively.
RESULTS
Part I. Six domains were devised by the development team:
(1) abdominal bloating, (2) restriction on activities, (3) restriction when lying, (4) restriction on eating, (5) fatigue, and (6) others. A total of 41 questions were generated on these six domains. The qualitative study involving patients with ascites indicated (1) that the six domains covered the ascites-related symptoms that patients felt, (2) that patients expressed the site as ''the periphery of the navel'', and (3) that, to evaluate ascites-specific symptoms, it was necessary to differentiate them from the symptoms of underlying cirrhosis. On the basis of these findings, the development team revised the items and added new ones, and prepared a revised item pool consisting of 51 questions.
In a pilot study with the 51 items, ceiling or floor effects were observed in some items. Furthermore, two items, ''it is hard to walk to the toilet'', and ''my activities are slower than previous ones'', were negatively correlated with the other items.
Considering the item wording and correlation among the item meanings, 14 items were removed, resulting in 37 items for part II (Supplementary Table 1 
online).
Part II Subjects. The characteristics of 175 subjects of part II are shown in Table 1 . Relatively broad distributions of Child-Pugh scores or degree of ascites were noted. The mean score of norm-based SF-36 PF of 12.8, a value lower than the national mean by 43.5 s.d., suggested that the subjects' activities were strikingly affected. The SF-36 VT score was 33.7, which also showed a marked decrease. Item and factor analyses. There were no marked ceiling or floor effects in any item based on the item analysis (Supplementary Table 1 ). Missing responses were rare.
Factor analysis showed the attenuation of eigenvalues of 26.9, 1.6, 1.1, and 0.6 ( Supplementary Figure 1 online). The first factor explained 73% of the variance in the data, showing a strong unidimensionality. Factor loading was high (0.611-0.937). There were no marked differences in the mean, s.d., or factor loading among the items ( Supplementary Table 1 ), which suggested that these 37 items mutually involved exchangeable contents for measuring ascites-related symptoms. These findings indicated that it was possible to greatly reduce the number of items, and the development team decided to select several items and arrange a scale. Item selection. When selecting items, two items of the ''others'' domain, of which factor loading was relatively low, were excluded. The results of IRT analysis involving the remaining 35 items are shown in Figure 2 and Supplementary  Table 1 . The location parameter, which reflected the severity to which each item responded, ranged from À 0.65 to 0.54. Many items had negative values and were suitable for relatively mild symptoms. Regarding the domains, abdominal bloating corresponded to the range of the mildest symptom, followed by restriction when lying, restriction on activities, and restriction on eating. The range of measurements for restriction on activities was large, while that for fatigue was small and overlapped abdominal bloating. These results were consistent with the physicians' clinical experiences.
Considering the results of this IRT analysis and the contents of the question items covering various symptoms, the team selected seven items for the final scale.
The seven items comprising the scale are shown in Table 2 . This scale was named the Ascites Symptom Inventory-7 (ASI-7). These seven items covered various domains and were arranged in a sequence from mild-to-severe symptoms, facilitating clinical interpretation. The scale score of the ASI-7 showed a symmetric distribution within a range of 0-28 points. The mean value (s.d.) was 15.1 (7.8) points. There were no ceiling or floor effects. The seven-item scale score was highly correlated with the total score of the 35 items before item reduction (r ¼ 0.98). Reliability and validity. Cronbach's a coefficient for the ASI-7 was 0.96. The test information function exceeded 10 at a location parameter ranging from À 2.0 to 1. Table 1 for respective values. The thick arrows below the plot represent the range of location covered by the six domains. respectively. When selecting items to measure various severity of symptoms, the IRT suggests that items should be selected so that they cover a range of locations evenly, and that items with a greater slope should be selected at the same location. The circles in the plot represent seven items selected by the development team for the final scale.
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Onishi et al. Figure 2 ). These findings supported the reliability of the scale and confirmed that the precision of the measurement was preserved.
The correlation between the scale score and external standards is shown in Figure 3 . The scale score was higher in patients in whom the degree of ascites was more severe. The mean score exceeded 25 points in patients graded to ''tense''. There were significant differences among the four grades of ascites. The scale score was correlated with the SF-36 PF and VT (r ¼ À 0.63, Po0.001 and r ¼ À 0.55, Po0.001, respectively). Analysis of variance and multiple comparisons also confirmed significant correlations (Figure 3) . Responsiveness. In 172 of the 175 patients, data were obtained after treatment. The median interval of data collection between pre-treatment and post-treatment measurements was 28 days (interquartile range: 14-52 days). Of these, paracentesis had been performed in 30 patients (17%), treatment involving albumin infusion in 23 patients (13%), and therapy with diuretics alone in 119 patients (69%). The median intervals of data collection for these treatment groups were 9 days (3-38), 30 days (15-74), and 28 days (14-54), respectively.
The treatment response, evaluated based on changes in the degree of ascites after treatment, were distributed in a two-rank or greater improvement in 38 patients (22%), a onerank improvement in 93 patients (54%), no changes in 38 patients (22%), and a one-rank deterioration in 3 patients (2%). The mean change (s.d.) in body weight was À 2.9 (2.2) kg (range: À 13.6 to þ 4.0 kg). The mean (s.d.) SF-36 FP and VT scores increased by 12.2 (14.8) and 8.0 (10.8), respectively, after the treatment.
The mean scale score (s.d.) decreased by 6.7 (5.6) points (range of change: À 27 to þ 1) after treatment. The SRM was 1.18, corresponding to a large change (40.8) according to the empirical criteria. Examining the SRM by different treatment groups (Table 3) , the paracentesis group had the highest value. In the diuretic group, the value was 1.06, which still corresponded to a large change.
The correlation between changes in the scale score and those in the external standards is shown in Figure 4 . The scale score decreased more (analysis of variance, Po0.001) in groups with more marked improvements in the degree of ascites. Its relationship with changes in body weight was according to the level of external standards. For the Short Form-36 (SF-36) subscales, the subjects were divided into four groups according to arbitrary criteria so that there was no group in which the number of subjects was very small. The ASI-7 score was correlated with the three external standards (analysis of variance: Po0.001 each). Tukey's multiple comparison: *Po0.05. similar. Changes in the scale score were correlated with those in the SF-36 PF and VT scores (r ¼ À 0.60 (Po0.001) and r ¼ À 0.64 (Po0.001), respectively), which were also shown by analysis of variance (Figure 4 ). Single linear regression analysis revealed that a 2.0 kg decrease in body weight and 10-point improvement in the norm-based SF-36 PF score corresponded to an approximately 5-point decrease in the scale score.
The area under the ROC curve for changes in the scale score with those in the degree of ascites or body weight as gold standards was in a range of 0.7 to 0.8. These values were higher than those for the SF-36 PF or VT scores (Table 4) .
DISCUSSION
As a result of the demand for patient-based outcome assessments, the measurement of symptoms, disabilities, and QOL is crucial. Several QOL scales specific to chronic liver disease have been developed. [13] [14] [15] [16] However, the symptoms of ascites have not been sufficiently assessed because these QOL scales target a wide spectrum of clinical features. We believe that assessing the symptoms of ascites is essential to evaluate ascites treatment and to monitor the response to the treatment, which promoted us to develop a new scale to measure ascites-specific symptoms. Indeed, in the subject population in part II, PF measured using the SF-36 was remarkably reduced. This indicates that the presence of ascites is a serious burden to patients although factors other than ascites should be combined.
In this study, we developed the ASI-7, a scale to measure symptoms specific to ascites. This simple scale consisted of seven short items covering a wide range of severities and symptoms of ascites, and it had favorable reliability, criterion validity, and responsiveness.
Scale development process. Here, we present several characteristics that are key to developing the ASI-7. First, this scale was developed to quantitatively assess ascitesspecific symptoms and its response to treatment using a selfadministered questionnaire. Second, before conducting the quantitative study, we postulated several domains to comprehensively cover ascites-related symptoms, and prepared a sufficient number of items to ensure the thoroughness and precision of the scale. These were carefully examined in a qualitative study involving patients to confirm the thoroughness of domains and to assess the understandability and acceptable wording of the items. Thus, we verified the face and content validity of these items, and then proceeded to the next step. Third, careful psychometric analyses were performed on the data collected from patients requiring ascites treatment. Factor analysis indicated strong unidimensionality and high factor loading, which supported the appropriateness of the qualitative study. The substantial correlation among the items allowed us to greatly reduce the number of items. Fourth, data were collected from a number of patients after the treatment, and the responsiveness of the scale was evaluated. The scale showed a high responsiveness, suggesting that the above process was appropriate.
Scale properties. The ASI-7 has some favorable properties. First, sentences were short and understandable, and intuitively interpretable, reflecting face and content validity. Second, high reliability was shown by Cronbach's a coefficient and the test information. Third, the scale scores were distributed throughout a possible range of 0-28 points, suggesting that the measurement range was suited to the severity of the symptoms to be evaluated. Fourth, criterion validity was demonstrated by the scale score correlating well not only with the SF-36 PF and VT scores, which were based on patients' self-evaluations, but also with the degree of ascites evaluated by physicians. Fifth, responsiveness was demonstrated by the large SRM in the study subjects. This was true even in a subgroup treated with diuretics alone. Responses in the scale score agreed with those in the degree of ascites and body weight. These results suggest that this scale may be used for evaluating ascites treatment, including that with diuretics. The ROC analysis confirmed that this condition-specific scale more sensitively detected the responses to ascites treatment than that of the global scales, as expected by the item contents.
The clinically significant response level can be reviewed to some degree, although this study was not designed to clarify it. On single regression analysis, a 5-point improvement in the scale score corresponded to 10 points (i.e., 1.0 s.d.) of the norm-based SF-36 PF score. Some studies involving QOL measurements in patients with chronic liver disease reported that, in patients with decompensated cirrhosis, the SF-36 PF score (0-100 points) was about 15 points lower than that in healthy adults. 16, 24 This value corresponded to 0.8 s.d. based on the national norm. Another study compared patients with Child-Pugh class C with those with class A, 3 and indicated that the difference in the SF-36 PF score (expressed by the Z score) between the two groups was approximately one point (i.e., 1.0 s.d.). Thus, an ASI-7 score of five points roughly corresponded to the average reduction in the physical function of patients with decompensated cirrhosis relative to healthy Limitations. In this study, quantitative analysis was conducted in a single population. Therefore, results may have been optimized to the study population. We do not believe that there was a significant bias because the number of institutions was not small (n ¼ 24) and patients with various severities of ascites were included. However, validation of the results of study is anticipated in another population. In addition, the generalizability of these items may be limited in countries in which the descriptors of symptoms are different. Cultural adaptation studies may be needed in such cases.
Clinical significance. One may say that body weight measurements are sufficient for the evaluation of responses to ascites treatment. However, because ascites treatment aims to provide relief from the symptoms of ascites, patientreported outcomes are inevitable for measuring treatment impacts. As this scale consisted of seven short questions, it may be useful as eligibility criteria or the end points in clinical studies and for treatment monitoring in clinical practice. Furthermore, this scale involved questions on diverse symptoms, although the number of questions was small. Therefore, it may universalize and complement patients' words regarding symptoms and function as a physicianpatient communication tool.
Conclusions. The seven-item Ascites Symptom Index, a self-administered symptom scale specific to ascites accompanied with cirrhosis, was developed through careful item preparation and rigorous psychometric procedures. The reliability, validity, and responsiveness of the scale were confirmed. This simple scale allows the quantitative assessment of improvements in ascites symptoms by treatment. It may be used for the evaluation of ascites treatment and monitoring of treatment responses in patients with ascites.
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